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⚫예방접종, 항균제/항바이러스제 치료

등에 의한 감염증의 예방과 증상의

경감

⚫병원체의 병원성을 파괴하거나 관리

⚫감염원의 제거나 전파경로 차단

감염 예방과 관리 (방역) 시 3가지 기본 접근법

BEYOND CONTAINMENT: HEALTH SYSTEMS RESPONSES TO COVID 19 IN THE OECD ©  OECD 2020

Medical

Countermeasure

Therapeutics Vaccine



Molecular evolution of RNA viruses
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Genotype Phenotype

Antigenic drift

Antigenic drift

Genetic 
recombination

Antigenic shift

Influenza

Corona

No proofreading
mechanisms

Error-prone RNA polymerase
in RNA viruses

Less mutations
than other RNA viruses

D-E--D-D motif
: conserved for the exonuclease activity 



⚫ 여느 바이러스와 마찬가지로 SARS-CoV-2도 대유행이 시작된 이후 계속해서 돌연변이를 일으키고 있음

⚫ 2020년 11월 이후 영국으로 부터 감염력이 높아진 (감염력 변화와 관계있는) 바이러스 변이주 발생

⚫ 2021년 11월 남아공으로부터 기존의 변이 pattern과는 다른 Omicron 변이주 및 하위변이 출현

⚫ 현재 거의 모든 나라에서 Omicron이 우세

➔ 갑자기 바이러스가 놀라운 속도로 변하고 있는 것 같았으나 SARS-CoV-2는 실제로 돌연변이 속도가 높아지지 않았음

⚫ 대신 전 세계 인구를 대상으로 감염 기회가 높아지면서 복제시 변이가 생길 수 있는 chance가 많아짐

⚫ 바이러스가 시간이 지남에 따라 변하는 것은 예견되어 왔음

➔ 10-6 ／nt-１／cycle-１
➔ low for an ss(＋)RNA virus

➔ high enough to mutate on average every amino acid in spike at 
least once in one patient 

❖ SARS-CoV-2 spike evolution rate : 5×10−3substitutions/site/year 

◆ Higher than the evolution rate across the entire SARS-CoV-2 
genome (1~1.6 × 10−3 substitutions/site/year; around 2 
substitutions per genome per month) but still within the range of 
other betacoronaviruses

The reported mutation rate for SARS-CoV-2 is typical for coronaviruses.

Mutation of RNA viruses

mSphere Vol. 6, No. 3, 2021
✓ 2.8-4.4 × 10–3 s/s/y in the IFNV-A

J Transl Med 21, 152 (2023).



Emergence of SARS-CoV-2 variants

6

• First identified in December 2019 in Wuhan, and the WHO declared a pandemic in March 2020

• 640M infected and 6.6M death in worldwide (December, 2022, WHO)

• Emergence of Omicron variants with significantly different antigenicity a year ago.

Straten et. al., medRxiv (2022), 
2020.10. 2021.3. 2021.8.2020.5. 2022.1. 2022.6. 2022.12.

Nextstrain Anna Z Mykytyn, the lancet microbe, (2023)



P=1x10-5

염소

붉은여우

단봉낙타

2021 Dec;48(12):1111-1121.



Gradual Evolution of BA.1 originating from West Africa

➢ BA.1 would not abruptly emerge 
from South Africa

➢ Heterogenous sampling intensity by 
countries in Africa might lead to 

sampling bias in the previous study

Less likely – Non-Human host 
& Immunocompromised 

individual 



Mysterious Origin of the Omicron 

1) Omicron could have circulated and evolved in a 
hidden population

2) Omicron may have evolved from a cat-and-mouse 
game between the virus and host in some 
immunosuppressed patients; for example, AIDS 
patients infected with SARS-CoV-2

3) Omicron could have originated from adaptation in 
animal reservoirs and been transmitted back to 
human, exemplified by the SARS-CoV-2 variants with 
mutations from adapting to mink 

4) It appears all three theories may contribute to the 
generation of Omicron, making the origins of 
Omicron a complicated question involving three 
different origins

Innovation (Camb). 2022 Mar29 ; 3(2):100206



SARS-CoV-2 Omicron variant; Spike mutation summary

Venkata Krishnan, et al., (2021, December 3). https://doi.org/10.31219/osf.io/f7txy (Pre-print)

https://doi.org/10.31219/osf.io/f7txy


Convergent Evolution in BA.1 and BA.2

Carabelli, A.M., et al. SARS-CoV-2 variant biology: immune escape, transmission 
and fitness. Nat Rev Microbiol 21, 162–177 (2023).

❖ Due to high levels of co-circulation 
between Delta and BA.1, or BA.1 and BA.2,
in many countries at a time of phasing out 
of COVID-19 restrictions, 2022



(A) Scenario 1: structural constraints limit any further evolution of the SARS-
CoV-2 spike

(B) Scenario 2a: point mutations, insertions/deletions, and/or intra-SARS-CoV-2 
recombination events lead to the evolution of novel SARS-CoV-2 strains.

(C) Scenario 2b: intra-SARS-CoV-2 recombination events lead to the evolution 
of novel SARS-CoV-2 strains. 

(D) Scenario 3a: intratypic recombinations between SARS-CoV-2 and closely 
related sarbecoviruses. 

(E) Scenario 3b: intratypic recombinations between SARS-CoV-2 and other 
related sarbecoviruses. 

(F) Scenario 4: intertypic recombination between SARS-CoV-2 and viruses from 
other Beta-CoV subgenera. 

(G) Scenario 5: non-homologous recombination of SARS-CoV-2 with other 
coronaviruses or even other viruses/hosts



질병관리청 (23.3.22) GISAID / Nextstrain

BA.5x

XBF BQ.1.1

BQ.1.1x

BQ.1.1x XBB.1x

Current Situation of SARS-CoV-2 variants



SARS-CoV-2 antibody binding properties

Receptor Binding and Immune Escape of the Omicron

Front. Immunol. 12:830527, 2021



Cao, Y., Jian, F., Wang, J. et al. Imprinted SARS-CoV-2 humoral immunity induces convergent Omicron RBD evolution. Nature (2022). https://doi.org/10.1038/s41586-022-05644-7

Alteration of Omicron RBD with growth advantage over BA.5.



N Engl J Med 2022; 387:86-88Cell 185, 2422–2433, 2022

Pseudoviral neutralization assays of 
BA.4/5 by vaccine and BA.1 immune serum

Reduced neutralizing effect against omicron sub-variants



Reduced IC50 of therapeutic NAbs against emerging 
SARS-CoV-2 BA.2, BA.5 or BA.2.75 convergent subvariants

Cao, Y., et al. Imprinted SARS-CoV-2 humoral immunity induces 
convergent Omicron RBD evolution. Nature 614, 521–529 (2023).



three doses of CoronaVac (n = 40) infected with BA.1 after three doses of CoronaVac (n = 50)

infected with BA.2 after three doses of CoronaVac (n = 39) infected with BA.5 after three doses of CoronaVac (n = 36)

Omicron subvariants induce NAb evasion
Cao, Y., et al. Nature 614, 521–529 (2023).



Properties of amino acid substitutions or 
deletions in selected SARS-CoV-2 variants

Carabelli, A.M., et al. Nat Rev Microbiol 21, 162–177 (2023).

Kumar S, et al., PLOS Pathogens 
18(11): e1010983, 2022

Furin cleavage site
➔ trafficking of the virus to the cell surface



Carabelli, A.M., et al. Nat Rev 
Microbiol 21, 162–177 (2023).

Reduced T cell mediated immunity against omicron sub-variants

After infection, CD4+ T cell and CD8+ T cell 
responses are generated against 30–40 epitopes 
across the virus genome

❖T cell response to vaccination is 
focused on the spike protein alone

⚫ Most high-frequency spike CD4+ epitope responses 
are focused on discrete regions of the NTD

⚫ Mutations concentrated in the spike RBD and NTD 
found in many VOCs might be driven by antibody 
evasion

⚫ Therefore mutation resulted form vaccine escape have 
limited impact on the overall T cell response

Simone P. et al., ImmunoInformatics, 2022



Vaccine Effectiveness against Major variants

https://www.healthdata.org/covid/covid-19-vaccine-efficacy-summary



Universal Vaccine



⚫ 목표는 변이주 등장으로 감소된 현재 SARS-CoV-2 백신

의 효능을 보완할 수 있는 범용 백신 후보물질을 개발하는

것 뿐 아니라

⚫ 인류의 미래 판대믹 발생에 대비할 수 있는 광범위한 효능

을 가진 백신 후보물질을 사전에 확보하는 것임

⚫ 변이주 특이적 RBD 또는 spike - mRNA-LNP, 나노입자, ferritin 등.

⚫ 교차 반응을 위해 하나의 플랫폼에 여러 개의 항원 (RBD/스파이크)추가

⚫ RBD 및/또는 S2에 대한 교차 반응성 에피톱 식별 및 광범위 항체 반응에 초점을 맞춘 항원 설계

⚫ 비중화항체와 T세포 반응을 유도하는 백신 항원 개발

✓ 중저개발 도상국에 대한 (middle or low income countries) 백신 접근성 향상



Pan-Coronavirus Vaccines 

Science, Vol 372, Issue 6539 pp. 227-231, 2021



미국, 2014.11.

유럽, 2015.1.

Seasonal Influenza Vaccine Mismatch

VE  : 23%>

VE  : 25%>

VE  : -8%



Strategies Targeting Hemagglutinin as a Universal Influenza Vaccine. Vaccines 2021, 9, 257.

HA target UIV strategy (influenza viruses)



1. Improved understanding of influenza transmission, natural 
history, and pathogenesis of IFNV infection
⚫ Anti-HA stem antibodies in prevention of transmission.
⚫ Role of anti-neuraminidase (NA) antibodies
⚫ Factors associated with the severity
⚫ Understanding of antigenic drift and immunodominance

2. Precisely characterize IFNV immunity and correlates of 
immune protection
⚫ Role of immunologic imprinting and the effect of serial 

influenza exposure 
⚫ Balance of antibody responses to HA and NA
⚫ Further understanding of innate and adaptive immune 

responses that are necessary for protection
⚫ Vaccine prototypes in the human challenge model
⚫ Beyond HAI-mediating antibodies 
⚫ Standardize/Harmonize non–HAI-based assays

3. Support partitional design of UIV
⚫ T cell response should be included for antigen design
⚫ Adjuvants and alternative delivery methods
⚫ Test promising vaccine platforms/candidates in iterative 

early Phase for clinical trials

Ways to go for the UIV



Achieved (green), 

partially achieved (yellow) 

in-development/not achieved (red)

COBRA

Microorganisms 2020, 8(11), 1745;

The Journal of Infectious Diseases, 218(3):347–354, 2018

Universal Influenza Vaccine Timelines



Four strategies in SARS-CoV-2 universal vaccine design

npj Vaccines (2022) 7:167 ; https://doi.org/10.1038/s41541-022-00597-4

▪ Spike Full initially designed by the POMA
▪ Optimization with major mutation sites
▪ Gene construction and cloning into the expression 

vector
▪ Mass production of antigens for further study

▪ Common RBD designed by the POMA
▪ Module combination and Selection of tandem

sequences
▪ Gene construction and cloning into the expression 

vector
▪ Mass production of antigens for further study

▪ Selection of appropriate platforms
✓ mRNA
✓ Vector
✓ Recombinant Proteins with adjuvants 

▪ Apply Prime Boost Strategy 



⚫Span was designed by analyzing the homology of 2675 
SARS-CoV-2 S protein sequences from the NCBI database 
before the Delta variant emerged. 

⚫The refined Span protein harbors high-frequency residues at 
given positions that reflect cross-clade generality in sequence 
evolution. 

⚫Span vaccination of mice elicited broad immunity to a wide 
range of variants

⚫Vaccinating mice with a heterologous Span booster conferred 
complete protection against lethal infection with the 
Omicron variant.



Suggested Criteria for pan-COVID19 Universal vaccine

⚫ Be at least 75% sero-protection, not reduced hospitalization

⚫ Should be protective against recent variant as well as 

zoonotic representative.

⚫ Have antibody durability up to 6 months. 

⚫ Should provide cell-mediated immunity

⚫ Be sure to consider applicability for the next pandemic

COVID-19 vaccines in current use are 
disease modifying rather than prevention of infection.



➢ epidemiological situation

➢ transmissibility including contact tracing data on secondary attack rates, growth rates, Rt and R0 

➢ severity (hospitalization and deaths)

➢ immune  (Vaccine) escape- vaccine induced nAb titer

➢ Receptor binding affinity

➢ Fusogenicity

➢ Thermostability

➢ RNA replication efficacy

➢ mAb failure  

Information required for the 
Risk Assessment of the Variant



1918: “Spanish Flu”
A(H1N1)
50 -100 M deaths

1957: “Asian Flu”
A(H2N2)
1-4 M deaths

1968: “Hong Kong Flu”
A(H3N2)
1-4 M deaths

2009: “Pandemic flu”
A(H1N1)
0.1-0.4M deaths
(Lucky case)

What is Next pandemics? 

H7N9?

H5N1?

H3N2v?

H1N2v?

Isaac B. Weisfuse, NYC Department of Health & Mental Hygiene

H5N8?

H5N6?

H9N2?

Past Pandemic CANNOT tell about the next one



Still we do NOT know lots of things under the Sea
Lets play together with for step-towards !!!!
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